The water quality of rivers, lakes or reservoirs changes in both short and long term. For a given catchment with known pollution sources, different combinations of hydrologic and pollutants discharges scenarios may result in different impacts in the water quality. The objectives of the present work were to analyze the methodologies currently used for assessment of pollution impacts in lakes and reservoirs, and to get an insight on how much research focus on urban drainage as a pollution source. Based on the evaluation of a sample of 17 papers, dated between 2000 and 2012, from different countries it was concluded that monitoring data is the most used method for studies in water quality of lakes and reservoirs. Records from historical databases or from continuous monitoring are used by some authors; but most of the time the research includes a designed monitoring program. It was interesting to realize that the application of three different methodologies -i) simple modeling; ii) simple monitoring and iii) analysis of long term monitoring data -to assess the impacts of road runoff and agriculture discharges in a reservoir in Central Portugal resulted in similar conclusions, emphasizing the importance of long duration monitoring records. Most of the analyzed papers evaluated agriculture pollutants. Nevertheless, it has been proved that road runoff may discharge pollutants in concentrations that exceed the limits for point wastewater discharges; therefore it seems there are improvements that should be made in future studies of pollutant impacts in lakes and reservoirs.
INTRODUCTION
The good status of water masses is an objective in water resources management and is the scope of law requirements. For instance, European directives (e.g. the Water Framework Directive 2000/60/EC, WFD), focused on the condition of water bodies, dictate that evaluations of the water should include quality and ecological elements [1, 2] . Water quality evaluations are relevant, as well, to have references for standard conditions [e.g. 3] .
The water quality of rivers, lakes or reservoirs changes in both short and long term. It can be directly affected by climate related events like droughts, intense rainfalls or floods [4] . In some climates flow discharge is highly variable along the year and water resources show considerable flow and volume variations. The dry season can be critical due to low-flow conditions, high temperatures and a limited dilution capacity [5] [6] [7] .
In lakes and reservoirs volume shortage may cause a decrease in the water quality and interferences with the water uses. This confined type of fresh water systems allows high dilution of pollutants decreasing their possible impacts and, at the same time, accumulate them at the bottom, which may cause acute impacts under certain circumstances. For a given catchment with known pollution sources, different combinations of hydrologic and pollutants discharges scenarios may *Address correspondence to this author at the LNEC, Av. do Brasil, 101, 1700-066 Lisboa, Portugal; Tel: +351218443442; Fax: +351218443016; E-mai: aestela@lnec.pt result in different impacts in the water quality. It is common that the average concentrations of pollutants in the inflow waters are highest than at the lake or reservoir; but it is also observed that the values rise in the lowest parts of the system [e.g. 3 ].
An important variable affecting physical and chemical processes is the water depth at the lake or reservoir. Thermal stratification is a common phenomenon in lakes with higher water depths. Shallow lakes are usually well mixed by wind; therefore the temperature and oxygen in the water column are homogeneous. However, if summer conditions are of calm weather, the demand for dissolved oxygen may be so high that the bottom sediment surface may become deoxygenated, even in such shallow lakes or reservoirs. [e.g. 12, 16] .
Most of the research studies on lakes or reservoirs characterize relevant variables such as the local climate, the surface area of the system and the depth. The residence time is not so often mentioned [e.g. 5, 8] . Other characteristic usually not referred to is the vegetation cover: the USA EPA [9] found a strong association between water quality and the percentage of vegetated buffer existing at the catchment and surrounding the lake or reservoir. Simulation of 5 different future scenarios for phosphorous (P) load reduction at the Black River catchment (Ontario, Canada) revealed that, among all scenarios, the control of sediments using buffer strips and bank erosion controls resulted in one of the best P load reductions [10] .
Comprehensive monitoring, organization of information, data analysis and modelling are actions that allow the identi-fication and assessment of impacts in the water quality. There is the need to monitor water systems for extended periods in order to minimize the uncertainty related to temporal variability [3, 11] . Such actions require a considerable investment of time, and human and material resources. If the water body has historical water-quality data such information is precious for understanding the relationship between water quality and temporal changes in the land use [e.g. 12] or skipping steps in designing a field monitoring plan [e.g. 3, 11] .
Statistics and trend analysis as well as relations between concentrations or loads and hydrological variables (e.g. discharge, water temperature, and rainfall) are other methodologies used to assess impacts in water quality [8, 11, 13] . Finally, a huge variety of models exists and they are cited by several authors, from simple export coefficients; to regression models or complex numerical models [7, 10, [14] [15] [16] [17] .
Among the pollution sources of lakes and reservoirs, agriculture, livestock, and domestic sewage are most often quoted as major problems [7, 10, 13, 18] . Searches made by the authors for water quality models that included pollutants typical of stormwater were unsuccessful.
Therefore, the objectives of the present work were both to analyze the methodologies currently used for assessment of pollution impacts in lakes and reservoirs, and, at the same time, to get an insight on how much research includes urban drainage as a pollution source.
PROCEDURE FOR ANALYSIS OF CURRENT METHODOLOGIES
There are a few known methodologies for assessment of impacts of pollution sources in water bodies. From land use scoping and identification of point and diffuse pollution sources, to modeling, based on known emission coefficients, to field work and statistical analysis; or a combination of several approaches -the time, human and material resources needed for each of these actions are different and the results are also unlike in their approach to reality and thoroughness. The chosen methodology should be consistent and in accordance with the objective of the study. For instance, simple modeling methods, based on emission coefficients are suitable for land planning purposes, when politicians need to know the impact of land use changes on water quality; but are not suited to know if the water quality complies with law regulations.
It was understood as relevant to start by gaining a good overview of the most used methodologies in this kind of studies, of the main questions addressed and to analyze if the common methodologies are capable of answering to the key issues. The most used methodologies are the following:
• Long term monitoring data (for a selected number of indicative parameters).
• Monitoring in accordance with a design plan, targeting to a specific objective.
• Simple modeling.
• Complex (numerical) modeling.
The procedure adopted was, first of all to gather from the literature a representative sample of recent studies concerning assessment of impacts in lakes and reservoirs (section 3). Then this sample of studies was evaluated, in terms of the objective of the work, the pollutants appraised, the consistency of the methodology(ies) used and if it was sufficient to accomplish the objectives. A key issue was, as stated before, to realize how much work concerns specifically urban stormwater impacts, since there is a tradition in evaluation of impacts from agriculture, livestock and sewage discharges, and it seems that urban drainage is seldom addressed to.
In a second step there was a practical application of different methodologies to assess the impacts of road runoff and agriculture discharges in a reservoir in Central Portugal, the S. Domingos (section 4). This is a small reservoir, characterized by data from continuous water quality monitoring from the Portuguese Water Institute, and also simple field monitoring work [12] . The results are discussed herein, in order to understand if different methods may lead to different conclusions.
LITERATURE SURVEY RESULTS

Study Sample
In order to have a representative and not too extensive sample of studies published in scientific journals, the adopted procedure was: i) to search in scientific data bases using relevant key words; ii) to consider recent studies, published from 2000 up to 2012, and iii) to analyze if the obtained sample of studies had at least 15 elements, concerning both lakes and reservoirs from at minimum, 10 different countries, located at least in 3 distinct continents.
At the end of the search 17 published papers were selected; 14 of them dated from 2008 to 2011; meaning that they are quite recent. From the remaining, 2 were published in 2012 and 1 in 2000. They were able to fit to all set requirements. Table 1 presents a summary of the sample of studies that were analyzed in this paper. Seven of them concern to reservoirs and the remaining to lakes; the countries where they are located are: Argentina, Canada, China, Greece, Israel, Nigeria, Pakistan, Poland, Portugal, Russia and the USA, therefore covering different climatic regions and research backgrounds. China, Canada, Portugal and the USA are represented by more than one study.
The following 3 groups of studies have been considered, according to the methodology:
• M1: Studies based on monitoring data, including large database for a long period of time and more restricted data.
• M2: Studies based on a combination of modeling and monitoring data; usually the latter being used for model calibration and validation.
• M3: Studies based on modeling (both simple and complex).
Discussion of the Results
Overview and Most Used Methodologies
The sample covered a wide variety of study site characteristics: the water depth varied between 0.5 m to 150 m, and To understand water quality problems and provide information for government and local authorities to act upon.
Western Poland [5] R
Temp; pH; cond; DO, BOD5, flow; N-NH4;N-NO2; N-NO3; Organic-N; Tot-N; soluble reactive-P; Tot-P and chlorophyll a
To determine mechanisms responsible for increasing or decreasing the concentration of N, P and o.m. in the course of water flow through the reservoir.
USA [3] L
Diss. orthophosphorus (OP); Tot-P; diss-NH3; TKN; diss. NO3+NO2; chlorophyl a; TOC; TN=TKN+(NO3+NO2)
To identify least-impaired lakes in four lake classifications. Nutrients selected as water quality surrogate to represent anthropogenic risks.
China [20] L PAH To assess PAH atmospheric deposition impact into the urban lake and to determine the influence of meteorological factors on the deposition fluxes, in the wet and dry season.
Greece [6] R Phytoplankton a) To examine the phytoplankton compositional diversity and biovolume under changing flushing rate.
b) To assess the reservoir's water quality according to both WFD and WHO guidelines.
Note: first paper on phytoplankton and water quality of this reservoir.
Use of improved sampling techniques (the ISOMET) to evaluate Tot-Hg spatial distribution and trends in waters of the Great Lakes and connecting channels.
USA [22] L
Total Hg; methylmercury; TSS; TOC; Particulate Carbon (PC) and Loss on Ignition (LOI)
All 50 states in the USA have advisories on fish consumption due to Hg content. Great Lakes are a focal point for Hg research because of their relatively small watershed-to-lake ratio: they are suited to assess the relative importance of direct atmospheric Hg deposition to the lake surface, compared with stream-water Hg input. Lake Champlain has a mountainous watershed and a much higher watershed-to-lake ratio of 18 posing an interesting contrast to the Great Lakes for Hg cycling research.
, Ca 2+ (DOC, NO3 and NO2 with few data); periphyton, macrophytes; macroinvertebrates and fish To understand how natural Water Level Fluctuations (WLF) affect the water quality, community structure and biodiversity of lake ecosystems. The underlying assumption and thesis of the study was that WLF act as an intermediate disturbance which structures the physical, chemical and biotic components of lacustrine ecosystems. The authors predicted that natural WLF would be correlated to water quality parameters and species richness.
Nigeria [8] R
T, Transparency; pH, cond; TDS; DO; NO3; P; COD; Tot-alkalinity; Tot Hard; Ca; Mg; Si; S; Carbon dioxide.
To assess the water quality of an African tropical reservoir for drinking and fish production using some selected physic-chemical properties.
M1
Portugal To adequately evaluate nutrient control strategies along the Alqueva watershed in Portuguese territory.
Note: The Alqueva dam, constructed in the Portuguese section of the Guadiana River, receives also contributions from Spain.
China [7] R Annual NH4 + -N and TP.
To evaluate the effect of climate change on future stream flow volume and non-point source pollutant loads at the inlet of the Shitoukoumen reservoir. M2
Canada [10] L Phosphorus and suspended solids
To understand the relative importance of different P sources in catchments and the relationship between source strength and land use, to describe source-sink behavior in soils and sediments.
Note: Programme to achieve at least 40% reduction in phosphorus loads to the lake by 2045. To study pollution loads from Non Point Sources (NPS) in the region, motivated by the presence of several NPS and the national importance of the reservoir.
Note: in China, excessive nutrient loadings from agriculture watersheds are considered the main source of NPS pollution.
M3
Russia [14] L Phosphorus and phytoplankton
To investigate the status of Lake Onega with steady state and dynamic modeling approaches, in order to assess the impacts of different loading scenarios of water quality (Water Framework Directive) the catchments' area ranged from 0.7 km 2 up to 9800 km 2 . The most frequent focus of water quality studies was phosphorus and nitrogen (6 studies, representing almost 35% of the study sample). Suspended solids were often combined with the evaluation of a single or a few pollutants, which is also a method to distinguish between particulate and dissolved pollutants. Phytoplankton and other living organisms were the key point in two of the studies [6, 14] ; one of them [14] also looked at phosphorus. Two studies [21, 22] concerned mercury and one study was focused on Polycyclic Aromatic Hydrocarbons, PAH [20] . Almost 24% of the study sample (4 papers) included a width number of water quality parameters and also biological indicators. Mustapha [8] was focused on more simple water quality parameters (temperature, transparency, pH, conductivity, TDS and dissolved oxygen) but this did not prevent him from developing a good, clear and consistent work.
Concerns with water quality standards for human consumption, or the need to meet legislation or regulations requirements, including the European Water Framework Directive, were often the motivation of the studies. Sometimes, usually when the methodology included modeling, the study tried to evaluate future scenarios in water quality [7, 10] .
The most used methodology was unquestionably the M1 (monitoring data), with 11 studies, representing 65% of the sample used in this analysis. Both M2 and M3 were represented with 3 studies.
An appraisal of the consistency expressed in each work, between the study objectives plus the chosen methodologies and then the discussion plus the conclusions, showed weaknesses in 5 of the analyzed papers. Of them, two used methodology M1; one used methodology M2, and other two methodology M3. This evaluation may be considered subjective and reflects the authors' judgment; nevertheless it is interesting to observe that the M3 group, meaning studies based exclusively on modeling, presents the highest level of inconsistency between the objectives and conclusions.
It is known that modeling is a useful tool but the user is restricted to model options and assumptions, and models are often calibrated with a set of data that do not represent universal conditions. It means that a careful use of the methodology and critical discussion of results are crucial to the soundness of model application. Ma et al. [17] used the Export Coefficient Method (ECM) and produced an interesting and very consistent work to predict nutrient inputs to lakes and streams. The authors were careful in referring the problem of using USA export coefficients in China.
Critical Analysis of the Current Practice
It was observed that most of the papers described several characteristics of the lakes/reservoirs, but not all included data on the minimum or average water depth; water surface area, water residence time and most relevant climate parameters (precipitation and temperature). It is understandable, that papers such as [3, 21, 23] that concern a huge system of lakes cannot produce a detailed characterization of each water body, however, it is considered important that key variables should be include in this kind of papers, allowing a better understanding of the results and comparison with other studies.
It seems that monitoring data, concerning both hydrological variables and water quality parameters is still the most used method for studies in water quality. Sometimes data from historical databases or from continuous monitoring (e.g.: flow) are used; several times a designed monitoring program is part of the work. It is known that some sort of studies require huge amounts of data, especially when the water body has seasonal changes in water volume and quality, along the year and between years.
It is not only modeling that has shortcomings; monitoring, sample handling and laboratory analysis so much in focus in water quality assessment require time and resources. The information that may be extracted from a set of data concerning a water mass is strongly dependent on the amount of time dedicated to data analysis and on the technical and scientific knowledge of the experts studying the data.
From the 17 analyzed papers, 7 mentioned the contribution of urban drainage to the lake or reservoir but none characterized this contribution. Diogo et al. [15] , Abrantes et al. [18] , Ghumman [19] and Shanley and Chalmers [22] mention the presence of "human settlements" or "urban" use at the catchment. Zhang et al. [7] , Bilaletdin et al. [14] and Ma et al. [17] refer to the contribution of "domestic wastewater" or "urban sewage". Therefore it may be concluded that urban wastewater is not considered as a relevant target by itself in the evaluation of water quality of lakes and reservoirs, especially when the catchment is large and contains more relevant sources of non point pollution, such as agriculture or livestock.
APPLICATION OF DIFFERENT METHODOLO-GIES TO A CASE STUDY
Case Study Characterization: The S. Domingos Reservoir in PORTUGAL
The chosen case study is the S. Domingos reservoir, located near Peniche, 100 km to the North from Lisbon. The watershed has an area of 39.4 km 2 and is crossed by a 5.7 km long section of the IP6 highway (constructed during 2002-2004). Fig. (1) presents the reservoir, the highway and the Azenha da Petinga creek. Information concerning the water quality monitoring data available, regarding the road runoff; the Azenha da Petinga creek and the reservoir are also depicted in Fig. (1) .
A GIS project with the integration of the Corine 2006 land cover was used to characterize the land use [24] . The data was reviewed using orthophotomaps and present uses updated by field survey. Agriculture is the main land use of the reservoir watershed (66%), followed by forest (29%) and urban areas (4%). The water bodies represent 1% of the watershed area.
Data for the period between 1999 and 2009 was used to characterize the precipitation pattern. There is a high interannual variation with a minimum of 401 mm in 2005 and a maximum of 943 mm in 2001. The average annual precipitation is 679 mm. The annual average temperature is around 15 ºC (average monthly temperature from 9 ºC in January to 20 ºC in August).
S. Domingos reservoir has a total storage capacity of 7900x10 6 m 3 whose 7548 x10 6 m 3 are effective storage. The minimum operating level is 22 m and the spillway crest is located at 42.5 m. The reservoir area is 96 ha and the time concentration of the watershed is 2.8 hours. The water from S. Domingos reservoir is used for human consumption. The retention time i.e. the time that the water stays in the reservoir may be an important parameter when dealing with water quality analysis. For Mediterranean countries, with a great seasonality in temperature, precipitation and discharge variations, the retention time has also monthly variation, being much higher in the wet season.
Road runoff treatment systems were constructed to control the pollution from IP6 highway [25] . However, a small extension of the road (290 m, corresponding to a paved area of 4350 m 2 ) drains, without treatment, to the Azenha da Petinga creek that flows into the S. Domingos reservoir (cf. Fig. 1 ).
Azenha da Petinga creek is an ephemeral water course. The discharge was measured in the two field campaigns in 2010 and 2011, representing two different hydrological conditions, as shown in Table 2 .
Simple Modeling: Pollutant Loads and Reservoir Volume
Pollutant loads after dilution in the reservoir water body volume are represented by concentrations, if a simple mass conservation equation is considered. The case is not real, since the pollutants may be particulate or dissolved and they are usually not conservative, i.e., they may be transformed by physical and chemical processes or assimilated by living organisms. Nevertheless, this methodology can be useful for a preliminary and conservative analysis, and that is the purpose of this section. The land uses considered as relevant pollution sources at the case study catchment are agriculture and the road.
The PREQUALE model was used to estimate the road pollutant loads. It is a multiparametric equation, developed using data from monitoring work at Portuguese roads, that predicts the concentrations of key road runoff pollutants (TSS, COD, Fe, Zn and Cu) [26] . The input variables include the drained area, the impervious percentage, the annual average precipitation and an average precipitation with duration equal to the concentration time of the catchment. Table 3 presents the results from PREQUALE for Fe, Zn and Cu. SST and COD were not considered because road runoff is not their only source at the catchment as they may also be generated by agriculture.
To estimate the total nitrogen and the total phosphorus loads from agriculture, three different emission factors were found in the literature. Table 4 presents results of the application to the study catchment, showing a significant variance of values among the three methods. The results obtained with the emission factors from [15] were chosen for the present study, given the fact that they were between the other two and also the values have been applied by these authors to Portugal.
The Zn, Cu, Fe, Total-N and Total-P loads (Tables 3 and  4) from the catchment were diluted in the S. Domingos reservoir water volume, assuming a retention time of 5 months. Note that agriculture fertilizers and pesticides are also a source of Fe, Zn and Cu; therefore this approach should underestimate concentrations, by considering the IP6 road runoff as the only source of these pollutants.
The reservoir volume is highly variable in Portugal and other Mediterranean countries; therefore two different scenarios were considered to represent extreme situations, based in data records from the Portuguese national water quality monitoring system [27] Table 5 , should be considered as an approximation of the real concentrations. As expected, the concentrations for the low storage scenario are much higher. This simplified method is based on dilution, but it can provide indicative values if the loads are based in sound emission factors.
Simple Field Work
Simple field work took place at the study site, in two different dates: 8 th of March 2010 and 11 th of November 2011. The purpose was to characterize the wet season and to assess the contribution from the relevant diffuse sources (agriculture and road runoff) transported by Azenha da Petinga creek to the reservoir.
Samples were collected at the S. Domingos reservoir and the Azenha da Petinga creek (cf. Fig. 1) . Samples from S. Domingos were taken from the shore; therefore do not represent a typical average concentration in the water body. They were placed in plastic or glass bottles, refrigerated and transported to laboratories for analysis. The pH, temperature, conductivity and salinity were measured in situ using a Yellow Springs multi-parametric water probe (YSI556MPS).
For both dates the following analyses were conducted at accredited laboratories: TSS, total hardness, Cl -, COD, Total-P and the heavy metals Zn and Cu. TOC, Pb, Cr, Cd, and Fe were measured in the 2010 samples. For the samples taken in 2011, nitrates were measured instead of N-Kjeldahl. The results are presented in Table 6 ; the location of the sampling points at the creek, R1, R2 and R3; and at the reservoir, P1, P2 and P3 are indicated in Fig. (1) .
The results from November 2011 express the conditions of intense precipitation and flow at the study catchment The presence of very high TSS values, compared to 2010, should express the turbulence and washing out of soil and associated pollutants. On the other hand, the dilution effect was much more significant (flow 27 times higher in 2011, compared to 2010, cf. Table 2 ) which should be the explanation for the lower concentrations of several pollutants. It is observed that the pollution transported by a local ditch (R2) is considerable indicating agriculture activity (N and P). It is visible the increase in Total-P from 2010 to 2011, agreeing with the field observation of augmented agriculture activity near Azenha da Petinga creek.
As expected, concentrations are higher at the creek than at the reservoir. Considering that the three sampling locations at the reservoir represent the confluence of the creek to the reservoir (P1) and locations in line with that, further inside the reservoir (P2 and P3), the dilution effect of the reservoir water mass receiving the loads from the Azenha da Petinga is clear.
It is considered that this data is very useful to understand the hydrological and quality processes at the catchment, but is also limited since represent two specific scenarios. Much more data, gathered in different hydrological conditions and considering more pollutants would be necessary to assess the impacts of the different pollution sources in the S.Domingos reservoir.
Analysis of Long Term Monitoring Data
S. Domingos reservoir has historical water quality data from the national monitoring system controlled by the Portuguese Water Institute [27] . The data represents samples at the water reservoir intake, collected at 30-50 cm below the water surface.
NO 3 -, Fe; Cu, Total-N and Total-P were selected from the water quality parameters available at SNIRH [27] , because of their relevance for the present study. Note that information for Zn was not available. The data, presented in Table 7 , concern the period from 1999 to 2010 on a monthly basis; the annual precipitation and storage volume are also included.
The limit concentrations for water quality proposed by the Portuguese legislation are presented in Table 8 . Comparing it with the average values from Table 7 it can be seen that all pollutants show concentrations below the minimum environmental objective. Only Cu is slightly above the limit for drinking water.
Comparison of the Results from Different Methodologies
In this case study, three methods have been used, separately, to assess the quality at the S. Domingos reservoir, in Portugal; they were: i) simple modeling; ii) simple monitoring and iii) analysis of long term monitoring data. The first interesting observation is that the results obtained with the simple modeling approach (use of emission factors) for Total-N and Total-P match with the average concentrations from 12 years monitoring data ( Table 5 and Table 7). Note that Fe and Cu loads ( Table 3) were estimated only based on the road emissions and there are other sources of these pollutants at the catchment, such as agriculture.
It seems that a general understanding of a reservoir or lake water quality may be achieved with simple modeling but these results must be validated with long term monitoring data, otherwise there is no possibility of knowing how the emission factors are suited to the catchment.
The availability of 12 years of historic water quality data for S. Domingos reservoir was therefore very relevant; in fact only long duration data may provide comprehensive understanding of the processes [e.g. 3, 12] . Noteworthy is that this national database provides information for several water quality parameters; some of them are measured several times a month, others once or twice a year. This information, if correctly used, may be very useful in water quality assessment and maybe Portugal and other countries with similar national database could place more value to it.
The simple monitoring is useful to understand local processes of pollutants transportation and dilution, but not sufficient to draw major conclusions. In this particular case, the data do not characterize average concentrations at the reservoir; the samples were taken from the shore. This is another relevant issue in monitoring: there are significant costs and to use boats to sample at different locations and depths may increase the budget. Options must be made concerning human resources, cost of analysis (number of samples and of locations; number of parameters to be analyzed). Another relevant topic in water quality monitoring is the analytical limitations. For instance, Cu concentration estimated for the high storage scenario ( Table 5 ) was of 0.00458 µg/l; this value is a simulated concentration, much lower than the common detection and quantification limits of the analytical techniques, somehow matching to the "non detected" or "below the quantification limit" obtained with the simple monitoring ( Table 6 ). For this case, the limit of detection for Cu was of 0.005 mg/l.
Comparison of simple monitoring results with the results from the other two methods indicates that concentrations rise in the lowest parts of the system. It is also obvious the high dilution effect of the reservoir, comparing the results for the samples P1, P2 and P3 ( Table 6 ).
CONCLUSIONS
The objectives of the present work were to gather an insight into the methodologies currently used for assessment of pollution impacts in lakes and reservoirs, and, also to assess if research is including urban drainage as a pollution source.
Based on a sample of 17 papers, dated between 2000 and 2012, from different countries it was concluded that monitoring data, concerning both hydrological variables and water quality parameters is the most used method for studies in water quality. It is known that modeling is a useful tool but the user is restricted to model options and assumptions, and models are often calibrated with a set of data that do not represent universal conditions. It means that a careful use of the methodology and critical discussion of results are crucial to the soundness of model application.
Records from historical databases or from continuous monitoring are used by some authors; but most of the time the research includes a designed monitoring program. It was interesting to realize that the application of three different methodologies, i) simple modeling; ii) simple monitoring and iii) analysis of long term monitoring data to assess the water quality of a reservoir in Portugal resulted in similar conclusions, emphasizing the importance of long duration monitoring records.
It is very important to acknowledge that sound monitoring studies require huge amount of data, especially when the water body has seasonal changes in water volume and quality, along the year and between years. Therefore, simple monitoring produces valuable data but with a limitation, because it respects to a specific pollutants' discharge and hydrological scenario.
In the case study, the flow variability at Azenha da Petinga creek in two monitoring dates was of a factor of 27. This creek, like many streams and rivers in Mediterranean countries, does not have flow at all during the dry season; this variability makes it very vulnerable to pollution, and at the same time may hide the presence of pollutants. It is considered that intensive sampling, even if conducted during one whole calendar year, may still represent few information on lake/reservoir conditions because these systems can be susceptible to changes in response to biological and physical alterations even if the nutrient input is relatively stable [3] .
A key issue of this work was to realize how much work concerns specifically urban stormwater impacts; it was observed that seldom urban stormwater or road runoff are evaluated as a pollution source that contribute to lake or reservoir water impairment [e.g. 12, 17] . Some papers [15, 18, 19, 22] mention the presence of "human settlements" or "urban" use at the catchment; others [7, 14, 17] refer to the contribution of "domestic wastewater" or "urban sewage", but these sources of pollution are not characterized. Most of the work evaluated agriculture pollutants [e.g. 3, 7, 11, 17, 18] . Nevertheless, it has been proved that road runoff may discharge pollutants in concentrations that exceed the limits for point wastewater discharges [26] . It seems that there are improvements that should be made in future studies, placing more focus on urban drainage impacts in lakes and reservoirs. Other necessary developments are a better characterization of the river or lake system; for instance, it was observed that several papers did not included data on the minimum or average water depth; water surface area, water residence time and most relevant climate parameters (precipitation and temperature).
